Purdue University

Purdue e-Pubs
International Compressor Engineering Conference

School of Mechanical Engineering

1974

Approximate Calculation Method for the Run of
Changes of Pulsation Pressure in Reciprocating
Compressor Pipelines
M. Luszczycki
Politechnika Krakowska

Follow this and additional works at: https://docs.lib.purdue.edu/icec
Luszczycki, M., "Approximate Calculation Method for the Run of Changes of Pulsation Pressure in Reciprocating Compressor
Pipelines" (1974). International Compressor Engineering Conference. Paper 109.
https://docs.lib.purdue.edu/icec/109

This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html

APPROXIMATE CALCULATION

METHOD FOR THE RUN OF CHANGES OF

PULSATION PRESSURE IN RECIPROCATING COMIRESSORS PIPELINES

lhrrian Luszczycki, Adjunct, Instytut Aparatury Przemyslowe j i Energetyki, Politechnik a Krakowska, Krak6w, Poland

INTRODUCTION

In reciprocatin g compressors , lately produced, the pulsation pressure values at
the outlet are decidedly greater than ones
acknowledge d as permissible even when resonant effects don~t appear in connected
installatio n. Therefore the adequate pulsation pressure dampers are required. The
knowledge of the run concerning maximum
values of pressure pulsation DPa /peak-topeak/ along the road of pipeline is the
basis for evaluating the effect of decreasing pressure pulsation in a pipeline by
a damper. That run permits to define the
maximum pressure fluctuation rate in the
installation and to state whether its value is larger or smaller than the value
acknoledged as permissible .
Analytical solution for the procedure of
pulsating gas stream flow in branching pipeline systems is confronted with great
difficultie s and is practically abridged
to more simple casesc The most effective
way for solution of these problems is the
application of digital computers, particulary electric models based on analogy principles. Many investigato rs were engaged in
this problem, e.g.: RoS. Benson /1,2/, J.
Brablik /3/, Y.N. Chen /4/, G. Damewood
/9/, s.s. Grover /5/, W.A. Kozlow /6/, P.
Kuhlmaon/7/ , W~ Nimitz /9,10/, J.M. Sharp
and E.N. Henderson /11/, A.S. U9er /1/, D.
Woolaatt /2/ and others.
EQUATIONS OF THE PUlSATING GAS STREA1JI FLOW
IN A PIPELINE
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Installatio n of the gas under compression
is a wave-guide, which can be modelled as
a system of series connected tubes of various diameters. The calculation of the
run of changes in a pressure pulsation in
this installation requires the solution
of the partial dif~erential equations
which describe pulsating flow of gas with
_equivalant boundary conditions taken into
account. The equations describing pulsating flow of gas in a straight pipeline
of constant cross-sectio n are considered
below. These equations are derived by means of various simplifying assumptions on
the base of equation of movement, equation
of continuity and equation of state. Assuming that the gas density is constant
and equal to its mean value with respect
to time and linearizing non-linear resistance expression, this equation can be
presented in the following form:
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symbol p denotes here variable pressure
of gas, t - time, D - internal diameter of
pipeline, a - sonic gas velocity, A.- friction losses factor, w - mean analytical
0
gas velocity, A- cross-sectio nal area of
the tube, ~0 - mean gas density, v - variable volumetric velocity.

Laplace~ s

trallsformatioD of equations /1/
under zero initial conditioos, i.e. in the
case of v 0 /X/= 0 apd p 0 /X/ =- o, gives;
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General solution of the system of equations
/2/ is:

p/x,s/

= zf [B1 /s/

Fig. 1. Pipeline of constaut cross-section
coupled with compressor
the piping system. show~ OD Fig. 1 bo~Ddary conditions caD be writteo io the
form:
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s is the para.Illeter of Laplace .. s transformation, symbols a, G aod a. are defioed:

where:

v1 /s/:

v1/s/=

v/l,s/;

v/O,a/;

p1/a/=

p1 /s/=

p/O,s/;

p/l,s/.

Coeffitients of refleotion at the begioDj,Dg of the tube ao.d at the el)d of the tube, called here respectively primary q 1
and secoildary q 1 , are. defiiled as follows:

SOLUTION FOR THE PIPELINE OF CONSTANT
CROSS-BECTION

q_,

zl- zf

= z1+ zf •••.••. /?/

the reasoD of the c9mplete closing of
the beginoing of the tube ~y t~e pistoDhead impedance Z1 oo tl;l.eo q 1 1. Taking
into CODSideratiOD bOUDdary CODditiODS /6/
aDd introducing relatj,ons /4/, /5/ aDd /?/
we caD determiile constants B1 aud B2 iD
the SolutiOD /3/ aDd tor the case d = 0
we can obtain followipg transforms of the
so.lutioill;l:
Fo~

Let us consider straight pipeliD~ segment
of the constant cross-section A and the
length l c;:oupled with compres~or which
causes periodical in time excitations describ.ed by the function tp/t/. The secood
end of the tube is ended in the arbitrary ·
closing which characterizes the impedance
z1 • Let us assume addi tio.nally that the
piston travel of the compressor is neglectible small in compariaon with the le:ogth
of pipeline and that the impedance at the
beginning of the tube is z1 /Fig. 1/.
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Let us now perform Laplace's retransformation L - 1 for transforms /8/, using,
term after term, according to the theorem
of translation and taken into account previously neglected frictional term in the
form of function e -at'• It means that the
exponential type of damping of the wave
amplitude along the wave way without change of the shape of time runs is accepted.
For 0 (x "1 and t > 0 we obtain thus the
solution in the following form:
p/x,t/= 6 ~ [qk v (t- 2kl+ x) 1 (t- 2kl+ x)·
. k=O 1 1
a
a
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v/x,t/=

vessels /Fig. 2/ •
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For the simplicity reasons vessels in the
calculation model are treated as tubes of
equivalant lengths and diameters. For the
each elementary tube equations /1/ and
their solutions /9/ are valid. In each
place of step change of the cross-section
of the tube incomplete reflection and partial transfer of pressure pulsation wave
takes place. Continuity condition in the
place of the change of cross-section of
pipeline can be written for pressure waves
as follows:
in the case of waves moving from the left
to right

••••• /10/

_ q~+1 v (t- 2/k+~/1- x}

(t- 2/k+~/1- x) e

1

_ 3 2/k+1/l- x
a

_I

Fig. 2. Scheme of piping system composed
of tubes of various cross-sections

I: [qkl v1(t- 2kl+a x)1(t- 2kl+a x)·
k=O
e
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in the case of waves moving from the right
to left

J

•••• /91
where: 1 (t- •••• ) means unit step function.

PIPING SYSTEM COMPOSED OF TUBES OF VARIOUS
CROSS-BECTIONS
Previonsly considered pipeline of constant
cross-section is elementary part of am arbitrary piping system. As mentioned above
compressor installation consists of number
of series connected tubes of various lengths and diameters as well as of different

132

where: T= 1+q
transmission.

denotes coefficient of

Values of q must be chosen from the range /-1, +1/, so it is easy to notice that
corresponding values of T must be greater than zero and smaller than + 2. As a
conclusion the coefficient of the transmission is always positive.
EXAMPLE OF C.AWULATIONS

In the purpose to examine the accordance
of the results of the calculations of pressure pulsation runs obtained by the use
of proposed method with practice were performed calculations and measurements on
the installation of compressed air which
is illustrated in Fig. 3a. The calculation
model for this installation consists of
four series connected tubes and is shown
in Fig. 3b.

area of a piston,R- crank radius, L- connecting rod length, w - angular velocity of
compressors crankshaft.
~~)

Fig. 4. Form of the excitation function
For the calculation it is necessary to decompose the excitation function /12/ ir.to
Fourier's series:
<Xl

v 1 /t/::: 2 /Bm cos mut + ~ sin mwt/ •••• /13/
m=1
where:
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T~

732

~·J
0

q,

v 1/t/ cos mc.Jt

dt

v1 /t/ sin mot

dt

T'

~ q43

~:; ¥~!

&. 743
X

0

b.

Fig. 5a illustrates pressure pulsation run
in the distance X1 of the considered compressed air installation which is shown in
Fig. 3. Fig. 5b illustrates on the other
The excitation function illustrated in
hand pressure pulsation run in the same
Fig. 4 is described by the following relaplace registered by the use of piezoelection:
tric pressure indicator. The presented runs
refer to the case of compressor work at rotational speed 1100 rev/min with absolute
pressure 3 bars in installation. For calculations was accepted speed of sound 408 m/s
which corresponds with air temperature pre:; l.f' /t/ •••••••••••••••••••••••• /12/ vailing in the chamber of compressor outlet
valve. The divergence between calculated
where: A=
and registered runs mainly result from disregarding valve action in calculations. Besymbol ~ denotes b:ere cro.ss-sectional
sides the opening and closing angles of the
Fig. 3. Scheme /a/ and calculation model
/b/ of outlet installation

£
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outlet valve which are a little different
from the real ones were accepted to calculations. Speed of sound changes caused by
temperature drop along the way of pipeline
was disregarded as well.

project phase.
Calculation time by means of presented method is relatively long. There is also necessity of making up separate calculation
algorithms in principle for installation
composed of different quantity of tubes.
Therefore it is advisable to work out a
number of some algorithms for typical schemes of inlet installations, interstage and
outlet ones, which mostly meet the occuring
needs.
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